Background-To compare dementia incidence of African American and Yoruba cohorts age 70 or older enrolled in 1992 and 2001.
Introduction
With the aging of the population the dementing disorders including Alzheimer's disease (AD) are widely recognized as a major public health problem worldwide. There have, however, been reports of significant decline in dementia prevalence. [1] [2] [3] [4] It is not clear whether this decline in dementia prevalence was caused by lower dementia incidence or shorter survival of patients diagnose with dementia. 1 A few studies have reported on dementia incidence trends over the past two decades with some reporting no change 5, 6 while others report a decline in dementia incidence. 7 Few studies to date have examined changes in dementia incidence in African Americans and none were reported in African populations.
This study was part of the Indianapolis-Ibadan Dementia Project. In this analysis, we compare age-specific incidence rates for dementia and Alzheimer's disease (AD) between cohorts assembled in 1992 to those enrolled in 2001 in African Americans in Indianapolis and Yoruba in Ibadan, Nigeria.
Methods

Study Participants
Participants were from the Indianapolis-Ibadan Dementia Project (IIDP), a longitudinal study comparing dementia prevalence, incidence, and other health outcomes in two community-based cohorts. Recruitment to the study was conducted at two time points. In the first recruitment in 1992, cohorts of African Americans age 65 or older living in Indianapolis and Yoruba age 65 or older living in Ibadan, Nigeria, were enrolled in the study. In Indianapolis, interviewers went door-to-door to randomly sampled addresses to invite African Americans (self-identified) age 65 years and over to participate. In 1992, 2,212 African Americans were enrolled while 249 (9.6%) refused, and 121 (4.7%) were too sick to participate. In Ibadan, the study was carried out in the Idikan area and adjacent wards and a complete enumeration and census were conducted for study enrollment. In 1992, 2,486 Yoruba individuals were enrolled while 41 (1.6%) individuals were too sick or refused.
In 2001, the IIDP conducted another wave of enrollment in both populations. In Indianapolis, community-dwelling subjects were randomly selected from Medicare records, who identified themselves as African-Americans, and were at least 70 years of age. The age cut-off for the 2001 cohorts was chosen in order to maintain comparability with the survivors in the 1992 cohort since the youngest participants in the 1992 cohort had since turned 70. Out of 7,583 eligible individuals, interviewers were able to contact 4,433 by telephone or home visit. Of those contacted, 100 were deceased, 54 had moved to nursing homes, and 14 were not African American. Of the remaining 4265 eligible, 1,892 (44%) were enrolled, 2,020 (47%) refused, and 369 (9%) were too ill. In Ibadan, a house-to-house census was conducted in 2001 in which 34,733 individuals were enumerated in 3,452 households, of which 3,144 were age ≥70 years. Of those eligible, 866 were already enrolled in the 1992 cohort, and 1,939 were enrolled in the 2001 cohort. There were no refusals in Ibadan during the 2001 enrollment.
All participants agreed to undergo regular follow-up cognitive assessment and clinical evaluations. The study was approved by the Institutional Review Boards of Indiana University-Purdue University of Indianapolis and University of Ibadan. All enrolled participants provided informed consent. In Ibadan, the consenting process involved reading the consent form to study participants, answering any questions they might have had, and obtaining a signature. For illiterate participants a thumbprint was obtained. Details on the assembling of the original cohorts and the enrichment cohort were described elsewhere. 8, 9 Study Design A prospective cohort design was used with a baseline evaluation followed by regular evaluations scheduled two to three years apart in both populations using identical assessment instruments. Participants in the 1992 cohorts were evaluated for up to 7 times, in 1992, 1995, 1998, 2001, 2004, 2007 and A two-stage design was used at each evaluation with in-home cognitive and functional evaluations for all participants followed by a full diagnostic workup of selected participants based on the performance of stage one cognitive tests. After each stage one evaluation, study participants were divided into three performance groups (good, intermediate and poor) based on their cognitive and functional scores obtained during the in-home assessment and changes in scores from previous evaluations. 10 Percentages sampled from each performance category were chosen to ensure that participants with the highest probability of dementia would be clinically assessed. All participants in the poor performance group were invited to be clinically assessed. Participants were randomly sampled from the intermediate performance group until 50% had clinical assessments and from the good performance group until 5% had clinical assessments.
Each clinically assessed participant was evaluated for the diagnosis of dementia or normal cognition, with further subtypes for those diagnosed with dementia (see section on Clinical Evaluation below). All individuals diagnosed as demented were no longer followed for inperson evaluations.
Cognitive Instruments
The Community Screening Interview for Dementia (CSID) was used during the first stage in-home assessment with a cognitive assessment of the study participant and an interview with a close relative evaluating the daily functioning of the participant. The CSID was developed by our group specifically for use in comparative epidemiological studies of dementia in culturally disparate populations. 11, 12 The cognitive assessment in CSID evaluates multiple cognitive domains (language, attention and calculation, memory, orientation, praxis, and comprehension and motor response) and details of its content and development are described elsewhere. [12] [13] [14] 
Clinical Evaluation
Clinical evaluations included (1) a neuropsychological battery adapted from the Consortium to Establish a Registry of Alzheimer's Disease (CERAD); 13 (2) a standardized neurologic and physical exam, and functional status review (The Clinician Home-based Interview to assess Function CHIF); 14 and (3) a structured interview with an informant familiar with the participant (most often a close relative) adapted from the Cambridge Examination for Mental Disorders of the Elderly informant interview (CAMDEX). 15, 16 Diagnosis was made in a consensus diagnostic conference of clinicians reviewing the neuropsychological test battery, the physician's assessment, the informant interview, and available medical records. Dementia was diagnosed with both the Diagnostic and Statistical Manual of Mental Disorders, Revised Third Edition (DSM-III-R) 17 and International Classification of Diseases, 10th Revision (ICD-10) 18 criteria. AD was diagnosed using criteria proposed by NINCDS/ADRDA. 19 
Other Information
Demographic information including age, sex and education were available on all study participants. Information was also collected on whether the participant ever consumed alcohol or smoked regularly. In addition, medical history of coronary heart disease (CHD), cancer, diabetes, heart attack, hypertension, Parkinson's disease, stroke and depression was collected from self or informant reports as affirmative answers to whether the participants had ever been diagnosed or treated for these conditions. In addition, medication use was also ascertained at each evaluation. In the Yoruba, due to the lack of regular medical care, selfreported medical history cannot be reliably verified. Thus data from self-reported medical history were not presented for the Yoruba cohorts.
Statistical Analyses
Comparisons of baseline demographic characteristics and medical history among participants with incident dementia and those not demented were conducted using Chisquare tests for categorical variables and t-tests for continuous variables for both the 1992 cohort and the 2001 cohort within each population.
To account for the two-stage sampling design, weighted logistic regression models were used to model the probability of incident dementia from a particular evaluation time to the next follow-up. Sampling probabilities were calculated as the numbers of participants who were clinically evaluated divided by the total numbers in each sampling stratum for each evaluation wave. Sampling weights were the reciprocals of these sampling probabilities calculated at each evaluation. Weighted logistic models for incident dementia included age at the time of evaluation, gender, years of education and stage one performance groups as independent variables. Predicted probability of dementia was derived from these logistic regression models. The person-years method was used to estimate age specific incident rates from non-dementia to dementia. For each individual in each of the cohorts, we first determined the observation time contributed to a given age group using times of evaluation for each individual. We then summed individual observation times for a given age group over all cohort members so as to obtain the total number of person-years of observation in that category. Since not all participants received clinical evaluation at the second stage, both the estimated incident dementia cases and the person-years at risk were further adjusted by the predicted probabilities of dementia for those not clinically evaluated in a previous wave. Incident dementia rates for a specific age group were derived as the total estimated number of incident dementia cases divided by the total estimated person-years at risk for the age group. For estimated age-specific incidence rates, 95% confidence intervals were derived using the inverse of the χ 2 -distributions evaluated with the predicted dementia cases to approximate Poisson distributions. 20 Age-standardized overall incident rates were obtained by applying the estimated age specific rates to the age distribution of African American residents in Marion County (Indianapolis) observed in the 2000 census. The variance of the overall age-standardized rate was calculated as a weighted mean of the variances of the age and gender specific rates. Ninetyfive percent confidence intervals for the incident rates were constructed based on asymptotic normality of the estimates. Significant difference between two rates in comparison was established by non-overlapping 95% confidence intervals. A number of sensitivity analyses were carried out to examine the robustness of the rate estimates to changes in cohort composition and length of follow-up. We include description of the sensitivity analyses in the online supplemental materials. In Table 1 , we present baseline demographic characteristics for the 1992 and 2001 African American cohorts. African Americans in the 1992 cohort were slightly but significantly older at baseline than those in the 2001 cohort, had significantly fewer years of education, and had significantly lower cognitive scores at baseline. However, cohort differences in cognitive scores were non-significant after adjusting for age, gender and education (p=0.4978). The two cohorts have similar gender distributions. Participants in the 2001 cohort had significantly higher rates of cancer, diabetes, hypertension, stroke and depression and they also had significantly higher percentages of using antihypertensive, antidiabetic and lipid-lower medications than those in the 1992 cohort after controlling for medical conditions (p<0.0001).
Results
The Yoruba participants in the 1992 cohort were significantly older at baseline than those in the 2001 cohort ( Table 2 ). The 1992 Yoruba cohort also had significantly lower proportions of female participants, those who consumed alcohol or smoked, higher proportions of participants who had attended school, and also significantly higher cognitive screening scores at baseline. The difference in cognitive screening scores between the two Yoruba cohorts remained significant after adjusting for age, gender and whether participants had attended school (p<0.0001).
In Table 3 , we present age-specific incidence rate estimates for dementia for the 1992 and 2001 cohorts in each population. The 2001 African American cohort had significantly lower age-specific incidence rates for all age groups except for age 85 or older and lower overall standardized incidence rate than the 1992 African American cohort. However, there were no significant differences in dementia incident rates for any age groups in the Yoruba cohorts. Estimated annual incidence rates for AD are presented in Table 4 . The 2001 African American cohort showed lower overall AD incidence rate than the 1992 cohort while the Yoruba cohorts showed no significant differences in age-specific incidence rates or in the overall rates. Figure 1 presents the age specific incidence rates for dementia and AD along their 95% confidence intervals for the two populations.
Results of the sensitivity analyses were presented in Supplemental Tables. Estimated dementia incidence rates from two sub-cohorts in the 1992 cohorts with shortened length of follow-up were similar to those estimated in the original 1992 cohorts in both populations (Table 1s) . Results from simulation studies indicate that even if we assume that all participants who refused to enroll in the 2001 cohort had the same dementia rate as those in the 1992 cohort, we would still observe significantly lower dementia incidence rate than in the 1992 cohort. In addition, we estimate that for the 2001 African American cohort to have the same dementia incidence rate as observed in the 1992 cohort, potential participants who refused to enroll at 2001 would have to have 48% higher dementia incidence rate than those in the 1992 cohort.
Discussion
In this prospective community-based study of two populations, we found that dementia and AD incidence rates were significantly lower in African Americans enrolled in 2001 than in the cohort enrolled in 1992. However, in the Yoruba cohorts, we found that dementia and AD incidence rates were similar between the 1992 and 2001 cohorts.
There have been reports of decreasing dementia or AD prevalence rates in the United States 1-3 or European populations. 4 However, since there were also reports of increased mortality in patients diagnosed with cognitive impairment, 1 disease incidence is a more appropriate measure for determining temporal changes in disease risk over time. Studies comparing dementia incidence over the past two decades have not been entirely consistent. A community-based study of participants age 65 or older in a biracial, geographically defined area in Chicago with up to 11 years of follow-up found no change in the risk of incident AD. 5 A study using Medicare inpatient records from 1984-2001 linked to the National Long-Term Care Survey reported increased age-adjusted rates of incident dementia and AD from 1984-1990 to 1991-2000. 21 A study in an elderly urban population in Beijing, China, found higher dementia incidence rates in a cohort assembled in 1997 compared to incidence from a historic cohort assembled 10 years earlier. 6 However, the Rotterdam Study, a population-based study in the Netherlands, compared dementia incidence rates in a cohort assembled in 1990 to a second cohort in 2000 and found that age-adjusted dementia incidence rates were consistently, but not significantly, lower in the 2000 cohort with borderline significance in the overall analysis (incidence rate ratio 0.75, 95% confidence interval [CI]: 0.56-1.02). 6, 7 Our study is the first to demonstrate significantly decreased dementia and AD incidence rates in an African American cohort from one enrolled a decade earlier.
Two other studies had reported incidence rates of dementia or AD in African American cohorts assembled during the early 1990's. The Northern Manhattan study reported an overall AD incidence rate of 3.0% (95% CI: 2.5-3.5%) in 610 African American participants age 65 or older followed from 1992 to 1999. 22 The Cardiovascular Health Study reported an overall dementia incidence rates of 3.1% (95% CI: 2.4-3.8%) in 492 African Americans age 65 or older with baseline between 1992-1994 who were followed for an average of 5.4 years. 23 The incident rates from both studies were similar to what we found in our 1992 African American cohort. We could not identify any studies with enrollment in the 2000's reporting dementia incidence in African Americans to compare with our results in the 2001 African American cohort.
The reason for the lower dementia incidence in the 2001 African American cohort is not yet entirely clear. We had previously found no differences in the prevalence of dementia or AD for African Americans living in Indianapolis between the 1992 and 2001 cohorts. 24 It is worth noting that African Americans in the 2001 cohort had significantly higher rates of medical conditions including diabetes, hypertension and stroke, but they also had significantly higher treatment rates than those in the 1992 cohort after adjusting for the differences in the underlying conditions. These differences are consistent with national trends for African Americans over this period. 25 It is possible that medications for cardiovascular conditions contributed to the reduced dementia incidence rates despite of the higher rates for these conditions. Despite of our effort in employing identical assessment procedures in all cohorts over time, it is likely that African Americans in the 2001 cohort are different in composition from the 1992 cohort. The 2001 cohort was assembled using the Medicare enrollee list using telephone as the initial recruitment contact which resulted in much higher refusal rates than the 1992 cohort. It is possible that healthier participants were enrolled in 2001. Nevertheless, we found no significant difference in baseline cognitive scores, APOE genotype distributions, and the severity of diagnosed dementia cases between the 1992 and 2001 African American cohorts. Those in the 2001 cohort actually had higher comorbidities than African Americans in the 1992 cohort. Even accounting for potential higher dementia rates in the refused subjects, our simulation study still found significantly lower dementia rate in the 2001 cohort (see supplementary online material). We estimate that potential participants who refused to enroll at 2001 would have to have 48% higher dementia incidence rate than those in the 1992 cohort for the 2001 African American cohort to have the same rate as in the 1992 cohort. Thus the lower incidence rates in the 2001 cohort were unlikely due to the differences in cohort composition.
Using identical assessment procedure and follow-up schedules, we also found no change in dementia or AD incidence rates in the Yoruba over the last two decades. Our report of trends in incident dementia or AD is the first one conducted in an African population. It is interesting to observe a significant decline in dementia incidence in the African American population, but similar incidence rates in the Yoruba population for every age group between the 1992 and 2001 cohorts. Self-reported cardiovascular disease rates in the Yoruba remained low in both the 1992 and 2001 cohorts and they were lower than those reported in developed countries, although it is not clear whether the lower disease rates were due to detection bias or true disease rates in the Yoruba. A potential explanation for the lower rates of self-reported cardiovascular disease in Yoruba than in the African Americans is survivor bias, as it is hypothesized that survivors of difficult child and adulthood are likely to be more resilient to diseases later in life. However, we will not be able to test this hypothesis due to the lack of early life data in our cohorts.
Our study has the strength of long follow-ups in large dynamic cohorts of both African Americans and Yoruba. Identical diagnostic criteria were used throughout the entire study period in both populations, ensuring diagnostic consistency. In addition, random sampling was used for the selection of clinical assessment, thus permitting the use of weighted models to appropriately adjust for the sampling schemes and for the use of predicted probability of transitions. 26 However, our study also has limitations. The study included only African American participants or Yoruba living in Ibadan, thus it is not known whether the rates reported here are generalizable to other elderly populations. Since not all study participants received the extensive clinical assessment at the second stage, our estimated incidence rates may not be as accurate as they would be if every participant had received the extensive clinical assessment. Nevertheless, the two stage sampling design and our model-based approach have been used in many epidemiologic studies to estimate both prevalence and incidence rates. 8, 10, 27 This approach has been shown to provide unbiased and accurate estimates under various assumptions. 26 Our rate estimates could also be affected by selection biases from participants' refusal to enroll in the study, in particular, the relatively high refusal rate in the 2001 African American cohort. We had previously reported comparisons made between those who enrolled and those who did not at 2001 using information from the Medicare rolls. 9 Those who were not enrolled were significantly older (mean age, 79.06 years; SD, 7.42), compared with those who did enroll (mean age, 76.81 years; SD, 5.58; P <0.0001). A higher proportion of women enrolled (64.75%) compared with the unenrolled group (59.63%; P=0.0006). No other information was available from the Medicare rolls. Despite differences in enrollment strategies, our previous analyses found no differences in prevalence rates of dementia or AD between the 1992 and 2001 African American cohorts. 9 However, selection bias based upon differential refusal rates cannot be entirely ruled out. Another source of potential selection bias comes from refusals to the second stage clinical assessment. Our estimation provides unbiased rate estimates even if those participants who refused to enroll differed in age, gender, education, or cognitive performance from those evaluated. However, potential bias may be introduced if the two groups differed on other characteristics not controlled in the logistic models.
In summary, using similar study design and procedures, we found a decline in dementia and AD incidence rates in the African American cohort enrolled in 2001 compared to those enrolled in 1992, but almost identical incidence rates between the Yoruba 1992 and 2001cohorts. The reasons for this differential decline in incidence rates in the 2 populations are unclear at this time and need to be further explored in future research.
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